Pulsed dye laser (PDL) is a flash-lamp excited pulse dye laser which delivers a high-energy beam of yellow light at a wavelength and duration that has been optimized for the selective treatment of vascular lesions. PDL has been FDA indicated for treating several benign cutaneous vascular lesions as well as inflammatory acne vulgaris. 9, 10 With regard to acne, PDL targets blood vessels in the dermis and resolves redness from small broken capillaries found in new acne scars. 10 There is also evidence that PDL can impact both active inflammatory and non-inflammatory acne lesions via alteration of the cutaneous cytokine milieu, particularly by increasing TGF-beta, which is immunosuppressive and inhibits keratinocyte proliferation. Low fluences have been shown to stimulate collagen production which can help with acne scarring. [11] [12] [13] The use of various superficial chemical peels, particularly the agent salicylic acid (SA), have been found to be efficacious in the treatment of acne with superficial peels. [14] [15] [16] [17] SA peels soften the stratum corneum and cause skin shedding by loosening the intracellular matrix and corneocyte connections which can lead to an improvement in non-inflammatory comedones. 18 SA also inhibits the arachidonic acid cascade leading to a decrease in inflammatory lesions. 19 Similar to PDL, SA peels have a low side effect profile and are often used as a treatment modality for acne. Despite extensive usage in clinical practice, there have been relatively few trials demonstrating the efficacy of SA peeling regimens in the treatment of acne. 7 Although there are clinical studies in the literature investigating SA peels and PDL independently in the treatment of acne, we chose to examine the use of these modalities as a combined treatment. The objective of this study was to evaluate the safety and efficacy of concurrent use of SA peels with PDL versus salicylic peels alone for the treatment of moderate to severe acne vulgaris. Our hypothesis is that SA peels used in conjunction with PDL will be more effective in treating acne than SA peels alone.
Methods

Subject Population
This study was performed at the Loyola University Health System, Division of Dermatology in LaGrange Park, IL. Subjects were aged 18 and older. Inclusion criteria included subjects in good health with Fitzpatrick skin type I, II, or III, and baseline moderate to severe acne vulgaris as defined by grades 3, 4, or 5 on the Global Evaluation Acne (GEA) scale. Exclusion criteria included pregnancy or lactation, current smokers, previous or current isotretinoin treatment, cosmetic procedures within 3 months of enrollment in the study, active infection on the face excluding acne, allergy to salicylates or petroleum jelly, and a history of bleeding disorders.
Study Design
The study was a randomized, rater blinded, split-face prospective clinical trial. Subjects received a total of 3 treatments at 3-week intervals. At the baseline visit, prior to the first treatment, subjects were consented and a coin flip was used to randomly determine which side of the subject's face would be treated with PDL. A result of "head-side up" on the coin resulted in the right side being treated, while "tails" on the coin resulted in the left side being treated. At the treatment visits occurring at weeks 0, 3 and 6, the subject's face was initially cleansed with 70% alcohol. Afterwards, half of the subject's face was treated with laser, utilizing the PDL (595 nm) [VBeam Perfecta, Syneron-Candela Inc, Irvine, CA] at laser settings of 7 mm spot size, energy 10 Joules, 10 millisecond pulse duration, cooling setting 2. Finally, two coats of a 30% SA peeling solution [Delasco Dermatologic Lab and Supply, Council Bluffs, IA] (with large cotton-tipped applicators) were applied to the subject's entire face and remained in place for 3-5 minutes. Once a white crystallization appeared, cool washcloths were applied for subject comfort, and the face was wiped clean with water. Triamcinolone acetonide (0.1%) was then applied to the entire face. Subjects returned for a final clinical evaluation at week 9. The same dermatologist performed all procedures to avoid inter-physician variability in technique.
Clinical Evaluation
The GEA scale was used for grading acne severity, which has been shown to have good inter-rater reliability. 20 It consists of a visual analog scale ranging from 0-5 ("clear to very severe acne") in the clinical assessment of acne severity. At baseline, subjects were photographed and their Fitzpatrick Skin Type was recorded. At the weeks 0 and 9 visits, patients were photographed and a blinded clinician used the GEA acne evaluation scales to numerically (0-5) grade each side of the patient's face. The photographs were taken with a digital, high-resolution camera under standardized conditions for distance (same f-stop throughout procedure) and lighting.
Subject's Self-Assessment At the weeks 0 and 9 visits, patients completed the Dermatology Life Quality Index (DLQI) questionnaire which is a simple 10-question dermatology-specific quality of life questionnaire that is widely used in dermatology clinical trials. 21 Statistical Analyses All statistical analysis was performed using SPSS for Windows (SPSS 18.0, IBM) and significance was determined where P < .05. The paired samples t test was used to compare the subject's pre-treatment GEA score at week 0 to the subject's post-treatment GEA score at week 9. McNemar's test for paired samples was used to compare the subject's pre-treatment self-assessment DLQI questionnaire at week 0 to the subject's post-treatment assessment at week 9.
Results
Nineteen patients were enrolled, and 18 completed the study. There was one dropout secondary to time commit-Acne Vulgaris Treatment with Salicylic Acid vs Pulsed Dye Laser ment issues. Of the 18 patients who completed the study, there were 14 females and 4 males, with an average age of 26.3 years old with a standard deviation of 11.2, ranging from 18 to 52 years old. At week 0 and week 9, the mean GEA score was calculated for the side of the face treated with the SA peel alone and for the side of the face treated with combination treatment of the salicylic peel and PDL. For the combined treatment side, the mean GEA acne score was 2.72 at week 0, and 1.11 at week 9, resulting in an overall decrease of 1.61 on the GEA scale. For the side of the face treated with peel alone, the mean GEA acne score was 2.67 at week 0, and 1.56 at week 9, resulting in an overall decrease of 1.11 ( Figure 1) . Based on the GEA scale, there was a statistically significant improvement in acne, from week 0 to 9, for both the SA peel alone (P = .001) and combination treatment with SA peel and PDL (P < .0005). More importantly, there was a statistically significant difference, from week 0 to 9, between the combination treatment with the SA peel and PDL and peel alone (P = .003) (Figure 2 ).
Discussion
Prior studies investigating the use of PDL in the treatment of moderate acne have shown varying degrees of decreased inflammation.
14,22, 23 Seaton et al performed a randomized controlled trial which suggested that one session of PDL (585 nm) improved inflammatory facial acne for up to twelve weeks with no major side effects. The total lesion counts fell by 53% and inflammatory lesion counts were 49% lower. 24 Another study, comparing PDL (585 nm) to a combination 585/1,064 nm laser (sequential dual wavelength PDL) in a 12 week split-face comparison of 16 subjects, showed reductions of inflammatory acne lesions of 86% on the PDL side and 89% on the 585/1,064 nm side after three treatments performed at 2 week increments. 25 We demonstrated that concurrent use of SA and PDL for the treatment of acne is both efficacious and safe. While the results show that there was improvement with SA alone, we proved our hypothesis true by showing that the combination intervention was found to be significantly Patient is pictured at week 0 (above). At week 9, the side of face treated with the combined PDL and SA treatment is shown on the bottom left, and the side of the face treated with the SA peel alone is shown on the bottom right. The DLQI questionnaire yielded a statistically significant decrease in level of self-consciousness about appearance between week 0 and week 9 (P = 0.038). There were no reported adverse or serious adverse events in either group. more efficacious. There was a mean decrease in the GEA scale of 1.61 for the combined side versus 1.11 for the SA side alone. The enhanced efficacy seen with the addition of PDL is likely related to its multi-faceted mechanism of action in acne; this includes an impact on active acne lesions, both inflammatory and non-inflammatory via increased TGF-beta, and a decrease in post inflammatory erythema and induction of neocollagenesis for acne scars. 19 In addition to the clinical efficacy, patients reported a statistically significant improvement in their level of self-consciousness about their acne at the end of the study compared to week 0. There were no reported or observed minor or serious adverse events in either treatment arm. Our study demonstrates both the effectiveness and tolerability of multimodal treatment with SA peels and PDL for the treatment of acne. This combined approach should be strongly considered as a treatment modality for patients who are not responding to conventional methods of treatment, who are non-compliant with oral or topical medications, or for those who prefer in-office physician controlled treatments. One limitation to the study could have been the modest sample size, though statistical significance was appreciated between the two treatment arms of the study. In the future, clinical studies could be designed to evaluate the two treatment arms on a larger population size. Additionally, patients could be followed for a longer duration after their final treatment to assess duration of efficacy of SA peels and PDL therapy when used in conjunction.
Conclusion
Acne subjects had significant benefit from the peel alone, but had greater significant benefit from PDL treatment used in conjunction with SA peels. The addition of PDL to SA peel therapy leads to better outcomes in acne management and reduces adverse psychological consequences.
